Abstract The objective of this observational prospective study was to investigate the effect of depression on shortterm outcome after lumbar spinal stenosis (LSS) surgery. Surgery was performed on 99 patients with clinically and radiologically defined LSS, representing ordinary LSS patients treated at the secondary care level. They completed questionnaires before surgery and 3 months postoperatively. Depression was assessed with the 21-item Beck Depression Inventory (BDI). Physical functioning and pain were assessed with Oswestry disability index, Stucki Questionnaire, self-reported walking ability, visual analogue scale (VAS) and pain drawing. Preoperatively, 20% of the patients had depression. In logistic regression analyses, significant associations were seen between preoperative depression and postoperative high Oswestry disability and Stucki severity scores and high intensity of pain (VAS score). In subsequent analyses, the patients with continuous depression, measured with BDI (60% of the patients who had preoperative depression), showed fewer improvements in symptom severity, disability score, pain intensity and walking capacity than the patients who did not experience depression at any phase. In those patients who recovered from depression, according to BDI-scores (35% of the patients with preoperative depression), the postoperative improvement was rather similar to the improvement seen in the normal mood group. In the surgical treatment of LSS, we recommend that the clinical practice should include an assessment of depression.
Introduction
Surgical treatment of lumbar spinal stenosis (LSS) is a treatment option for patients who remain severely symptomatic after a course of conservative treatment [18, 30] . The typical symptoms of LSS are low back pain, neurogenic claudication, radiating pain in the lower extremities, numbness and tingling in the legs during activity, leading to decreased walking capability and disability [18, 31] .
Previous research has highlighted the importance of psychological factors in relation to outcome of surgical treatment of LSS. There are known to be several important psychological factors, e.g. presurgical psychological distress [4, 24] , abnormal pain behaviour [13] and depression [14, 15, 19] .
However, very few studies have collected prospective data to examine the relationship of depression and outcome of LSS surgery. In a 6 months' prospective followup study [15] , baseline depression assessed with the Zung depression scale [33] was found to be associated with more postoperative pain. Also in a 6 months' [16] prospective follow-up study, preoperative depression measured with a 3-item scale was found to be associated with more severe symptoms, poorer walking capacity and less treatment satisfaction. In a 2 years' follow-up of the same sample [18] , a high preoperative depression score was associated with poorer postoperative treatment satisfaction.
Nevertheless, none of these studies has assessed the course of depression during the postoperative phase. Furthermore, prior studies have not used any cut-off values for defining clinically significant depression among surgically treated LSS patients.
In short, the effects of depression on short-term postoperative surgery outcome are still relatively unknown. Therefore, the aim of this prospective study was to investigate the effect of depression, as measured by the Beck Depression Inventory (BDI) [2, 22] , on short-term clinical outcome after LSS surgery.
Materials and methods

Patients
The study subjects were 102 patients with both clinically and radiologically defined lumbar spinal stenosis (LSS) selected for surgical treatment. At baseline, two of the study patients had missing BDI data. At the 3 months' follow-up, one of the 100 baseline patients had missing BDI data, thus the final sample size was 99 patients. The collection of sample has been described in detail elsewhere [25, 26] .
Briefly, selection for surgery was made by the orthopaedist or neurosurgeon between October 2001 and October 2004 in Kuopio University Hospital, Finland. The inclusion criteria were: (1) presence of severe back, buttock, and/or lower extremity pain, with radiographic evidence (computed tomography, magnetic resonance imaging, myelography) of compression of the cauda equina or exiting nerve roots by degenerative changes (ligamentum flavum, facet joints, osteophytes and/or disc material). (2) The surgeon's clinical evaluation that the patient had degenerative lumbar spinal stenosis requiring operative treatment [17] . In addition, all patients had a history of ineffective responses to conservative treatment. According to preoperative interview and palpation of pulses of lower legs by the study physician (who did not take part in the decisions for surgical treatment), 86% (88/ 102) of the patients of the total study population had neurogenic type claudication symptoms; 5% (5/102) had both neurogenic and vascular type claudication symptoms; one patient had claudication symptoms of vascular origin; the rest of the patients (8) had mixed leg and back symptoms.
A previous spine operation or co-existing disc herniation was not an exclusion criterion. Thirteen patients (out of 102 study patients) had previously undergone one or more lumbar spine operations. Of the 102 patients, 13 patients had preoperatively lumbar disc herniation, defined radiologically; 2 of these patients had had an earlier spine operation. The exclusion criteria were: emergency or urgent spinal operation precluding recruitment and protocol investigations; cognitive impairment prohibiting completion of the questionnaires or other failures in co-operation; presence of metallic particles in the body preventing the MRI-investigation. The surgeons sent the information of eligible patients to-be-operated to the Department of Physical and Rehabilitation Medicine, which organized the study.
The patients received an account of the study during their outpatient visit to the Department of Physical and Rehabilitation Medicine and provided informed consent. The study design was approved by the Ethics Committee of University of Kuopio and Kuopio University Hospital.
Questionnaires
Both at baseline and follow-up, questions about sociodemographic background (age, marital status, employment status), smoking habits and time since first back pain episode were included. Also questions concerning self-reported walking capacity and use of supportive belt were included. Somatic comorbidity was assessed with one modified item (item number 3) of the Work Ability Index (WAI) questionnaire [28] ; the self-reported number of current or recurring somatic diseases diagnosed by a physician (range 0-49). The number of diseases was then recorded as a sum score. The musculoskeletal diseases (in addition to LSS) were: Pain and degeneration in the extremities (41%), cervical pain and degeneration (33%), disc herniation (13%), rheumatoid arthritis (3%). The concomitant circulatory diseases were: arterial hypertension (46%), coronary artery disease (17%), a history of myocardial infarction (7%) and cardiac insufficiency (4%). Also questions concerning self-reported walking capacity and use of a supportive belt were included. Data concerning previous lumbar spine operation was collected from anamnesis and medical charts.
Both baseline and 3 months follow-up questionnaire included the following items: a modified pain drawing [20] to locate the pain and numbness (patients marked the sensations felt in various body parts on a schematic map of the body) with the map being divided into 100 cells (range 0-100). Overall back and leg pain intensity was assessed with a self-administered visual analogue scale (VAS) (range 0-100 mm). This has proved to be a valid index of experimental, clinical and chronic pain [21] . Subjective disability was measured by the validated Finnish version of Oswestry Disability Index (0-100%), where 0% represents no disability and 100% extreme debilitating disability [6, 7, 12] . The questionnaire devised by Stucki [27] assessed LSS related symptom severity, physical disability and postoperative satisfaction with higher scores indicating more LSS related problems. The questionnaire was translated into Finnish by one of the authors (TA) and a native English speaker checked the translation. There are currently no published validation studies using the Finnish version of the Stucki questionnaire. The questionnaire consists of three scales: (1) a seven question scale on symptom severity where all but one item had Likert response scales with five categories scored 1-5 (none; mild; moderate; severe; very severe). The score was calculated as an unweighted mean of all answered items. (2) A scale of physical disability where all but one item had Likert response scales with four categories (no, could not perform; yes, but always with pain; yes, but sometimes with pain; yes, comfortably). The score was calculated as an unweighted mean of all answered items. The possible range of scores was 1 to 4. (3) The scale for postoperative satisfaction was not analysed in this study. We have described the analyses of postoperative satisfaction in detail elsewhere (Sinikallio et al., Disabil and Rehabil 2007, in press).
Depression was assessed with the Finnish version of the 21-item BDI with scores ranging from 0 to 63 [2, 22] . The cut-off point for depression was set at 14/15, 0-14 indicating normal mood and 15 or more indicating depression, that is, elevated depressive symptoms. This cut-off point has been found to best indicate a major depression diagnosis in connection with the diagnostic SCID interview, among outpatients seeking treatment for depression, regardless of the phase of the major depressive disorder. Also the sensitivity (0.88), specificity (0.84) and the area under the ROC curve (0.93) have been found to be good with this cut-off point [32] .
Statistical analyses
All statistical analyses were performed using SPSS/PC (version 12.0.1, SPSS, Chicago, IL, USA). Statistical methods included the t test for independent samples with continuous variables and the Mann-Whitney U test for continuous variables with a grossly nonnormal distribution.
Data distribution was tested against normality using the Kolmogorov-Smirnov Goodness-of-Fit test.
Multivariate logistic regression analyses (method enter) were used to assess the preoperative factors independently associated with poor surgery outcome at 3 months' followup. Specifically, we studied the risk factors for high Oswestry disability score ( ‡median (24) : no/yes), high VAS score ( ‡median (14) : no/yes), poor walking capacity (<median (2,000): no/yes) and high Stucki severity score ( ‡median (2.4): no/yes). The relevant background variables and baseline depression were included as predictors in the logistic regression models. In all, the following baseline variables were included: age (years), sex (male: no/yes), marital status (single: no/yes), somatic comorbidity ( ‡median (5) : no/yes), previous lumbar spine operation (no/yes), Oswestry disability score ( ‡median (44): no/yes), VAS ( ‡median (61): no/yes), Stucki severity score ( ‡median (3.3): no/yes) and BDI score (continuous score). Though improving walking capacity is one of the main targets of LSS surgery, we also performed second logistic regression analyses including preoperative walking capacity (<median (900): no/yes), in addition to the predictors shown in Table 2 .
In further analyses, comparisons were made between groups of patients according to depression status: (1) the normal mood patients (n = 79) had normal mood (BDIscore £ 14) both at baseline and follow-up. (2) The patients with continuous depression (n = 12) were depressed (BDI-score ‡ 15) both at baseline and follow-up. (3) The recovered patients (n = 7) had depression (BDIscore ‡ 15) at baseline but not at follow-up. One patient was not included in the group analysis: he was depressed at follow-up but not at baseline, according to his BDIscores.
Results
The background and baseline clinical characteristics of all the surgically treated lumbar spinal stenosis patients are presented in Table 1 . In the logistic regression analyses, a high preoperative BDI score was associated independently with important clinical postoperative outcome assessments (Oswestry disability scores, Stucki severity scores, VAS scores). In addition, older age was associated with a high Oswestry score and with poorer walking capacity (Table 2). When adding preoperative walking capacity in the predictor list shown in Table 2 , the results changed only slightly (all data not shown): preoperative depression predicted postoperative disability and symptom severity, as in the first regression model. A minor decrease of statistical significance was seen in preoperative BDI-score predicting postoperative pain (VAS score over median; OR 1.13; 95% CI 1.00-1.27; P = 0.05). Preoperative walking capacity (<median (900): no/yes) predicted only postoperative walking capacity in the second regression model (OR 12.56; 95% CI 2.30-52.62; P < 0.05). As for other significant associations, higher age predicted postoperative disability, as in the first regression model. Finally, as a new result, previous lumbar spine operation predicted poorer postoperative walking capacity (walking capacity less than median; OR 8.71; 95% CI 1.02-74.13; P < 0.05) in the second model. No other significant associations emerged.
In further analyses, we studied specifically the effect of depression status on postoperative improvement on all of the clinical variables ( Table 3 ). The patients with continuous depression, according to their BDI scores, showed postoperatively poorer improvement in symptom severity, and fewer improvements in disability score, pain intensity and walking capacity variables than the patients who did not have depression at any phase. Importantly, in those patients who recovered from depression, according to BDI scores, the postoperative improvement was rather similar to the improvement seen in the normal mood group.
It is noteworthy that only one (8%) of the 12 patients who had continuous depression had used antidepressant medication before surgery. Of the seven patients whose depression had recovered at follow-up, only one patient (14%) had used antidepressant medication at baseline. 
Discussion
The first important result of this study is that preoperative depression was significantly associated with postoperative disability and pain among surgically treated LSS patients. In the logistic regression analyses, independent associations were seen between preoperative high depression scores and postoperative high Oswestry disability and Stucki severity scores and high intensity of overall back and leg pain (VAS-score). Secondly, in further analyses concentrating on depression status and postoperative improvement, several interesting results emerged: the patients with continuous depression (60% of the patients who had preoperative depression) showed poorer postoperative improvement in many variables, i.e. symptom severity, disability score, pain intensity and walking capacity compared to the patients who did not have depression at any phase. It is clinically important that in the patient group who had recovered from depression (35% of the patients with preoperative depression), the relief from depression was associated with an improvement in the majority of the clinical variables. In fact, the postoperative improvement result resembled in all essential respects the same functional and pain related improvement seen in the normal mood group. One can conclude that the patients who did not exhibit depression at any phase reported clear functional and pain related improvement at 3 months' followup, whereas the depressed patients showed significantly poorer postoperative improvement. We are not aware of any prior prospective studies with a comparable design reporting similar results. However, whether the recovery of depression was accompanied by a clinical improvement or whether a clinical improvement was accompanied by a recovery of depression, remains a question for future intervention studies, since causal inferences are not possible on the basis of this observational study.
The patients in the continuous depression group had fairly high BDI scores both at baseline and follow-up. Thus, from a clinical point of view, these patients do report clearly elevated depressive symptoms. Looking at the recovered patients' BDI score decrease (-37.5%), one can conclude that an alleviation of depressive symptoms had occurred. The BDI-21 has been criticized for overestimating depression in patients with chronic pain, due to the overlap of somatic-vegetative symptoms of depression and patients' medical and physical conditions [5, 11, 29] . However, the BDI cut-off (14/15) that we used is higher than the cut-off (9/10) originally proposed by Beck and Beamesderfer [3] to be used with medical patients. In addition, the usefulness of the BDI-21 as a tool for assessing depression in patients suffering from chronic pain [11] and chronic low back pain has been established [23] .
The mean decrease of the BDI score (-37.5%) in the recovered patients group is clinically noteworthy, particularly with respect to the typical reduction of 50%, considered a treatment goal in depression [8] . However, future intervention studies are needed to investigate whether the recovery of depression is attributable to the reduction of pain related and the functional disability or vice versa. As noted earlier, only one patient in the recovered depression group had used antidepressant medication prior to surgery. Thus, undertreatment of depression was found, at least with respect to the use of antidepressant drugs.
Furthermore, older age was predictive of high Oswestry disability score and of poorer walking capacity postoperatively, according to logistic regression analyses. However, we did not find any significant preoperative differences in age between the depressed patients and the patients with normal mood, as we reported earlier [25] . Rather, it seems that the accumulation of preoperative depression and older age predicts more short-term disability and poorer walking capacity. Previously, younger age has been found to be predictive of better postoperative walking ability in a 6 months' follow-up [15] . Generally, older age has not been found to predict poor clinical outcome in long-term studies [1, 10] .
There are some limitations that must be recognized. As noted previously, the assessment of depression is based only on a self-rating instrument. Thus, some of those patients that we classified as depressed might not have received a psychiatric diagnosis, such as major depressive disorder or dysthymia. In addition, due to the small sample size, the risk of false negative findings (type II statistical error) cannot be ruled out. The subsamples of patients with continuous depression and of recovered patients are very small and thus the results need to be interpreted with caution. The follow-up period of 3 months may also be criticized. However, we believe that our results show clearly that the early detection of depression among postoperative LSS patients is important. We do not think that there would be any benefit gained by observing the LSS patients' clinical and functional recovery for longer periods of time, since clear disadvantages associated with depression were seen already in the short-term follow-up. Generally, the optimum functional gain is obtained within 3-6 months after LSS surgery [9] . A reasonable timeframe for postoperative improvement includes the patient returning to light work at 6 weeks and to heavy manual work at 3 months after surgery [9] .
In terms of patient selection, we can conclude that due to our hospital districts referral practise, the study patients represent ordinary LSS patients treated operatively at the secondary care level, not merely the ''worst off'' LSS patients. Furthermore, the study patients had various somatic co-morbidities, as is often the case with clinical samples. Therefore, caution must be exercised in the interpretation of the results. However, at this point, our results can be generalized, at least to surgically treated LSS patients receiving secondary care level treatment.
Conclusions
Our results suggest that in the search for optimal LSS surgery outcome, preoperative depression is a factor that needs to be recognized. Depression, measured with the BDI, predicted postoperative disability and pain among surgically treated LSS patients. In group comparisons, patients with continuous depression showed less postoperative improvement than the patients with normal mood. In those patients who recovered from depression, the postoperative improvement was rather similar to the clear improvement seen in the normal mood group. Among surgically treated LSS patients, the clinical practice recommendations should include an assessment of depression.
